BACKGROUND: School entry marks a tremendous change in the children's life style, which might well be relevant for the emergence of overweight. Previous studies suggested a dramatic increase in the prevalence of overweight during this age. OBJECTIVE: To compare the age-specific balance between the incidence and remission of overweight between pre-school and primary school age children. DESIGN: We combined the data of three studies that had been conducted within the setting of the compulsory school entry health examination in different parts of Germany: one covering retrospective cohort data from age 2 to school entry (n ¼ 5045), one prospective data from school entry to fourth grade (n ¼ 1235) and one comprising both (n ¼ 1194). We assessed the rates of incidence and remission of overweight and obesity from age 2 to school entry and from school entry to fourth grade. RESULTS: In pre-school age, the pooled incidence for overweight was 8.2% (95% confidence interval: 7.5, 8.9) compared with a remission rate of 62.6% (58.4, 66.7), yielding a prevalence at school entry of 10.7% (9.9, 11.5). In primary school age, the pooled incidence for overweight increased to 14.6% (13.1, 16.1), whereas the remission rate was reduced to 17.7% (13.8, 22.3), yielding a prevalence of 23.7% (22.0, 25.4) in fourth grade. A similar pattern was observed for obesity. CONCLUSIONS: While high remission rates balance incident overweight in pre-school years, the dramatic increase in the prevalence of overweight and obesity in primary school years reflects a higher incidence and even more a lower remission rate. Obesity prevention programs in primary school age are mandatory and need to address primary and secondary prevention elements.
INTRODUCTION
A recent German obesity intervention study from the city of Kiel, called the Kiel Obesity Prevention Study (KOPS), suggested a dramatic increase in the prevalence of overweight during primary school age in its control arm, 1 which was even stronger in an East German cohort. 2 These findings correspond to data from the KiGGS survey, a representative nationwide cross-sectional study on children and adolescents in Germany. The prevalence of overweight (including obesity) was below 10% in children at pre-school age (3 --6 years) but increased to above 15% in primary school age children (7 --10 years). 3 The prevalence of any medical condition is a reflection of incident cases and remission, when cases revert to normal health or die from the disease. Analogously, prevalence of overweight or obesity at any time point reflects the balance between newly emerging cases (incident cases) and remission from overweight by becoming normal weight during the preceding time period. In individuals without remission from overweight or obesity, the condition will persist and persistence can be defined by subtracting the rate of remissions from 100%. If there are more new, incident cases than remissions the prevalence increases in a defined population.
The distinction between incidence and remission of overweight or obesity is important with respect to preventive strategies against childhood obesity. Already overweight or obese individuals might require a more intensive, targeted intervention than those not overweight yet. Obesity prevention programmes for all children attempting to promote healthy eating and physical activity in primary school age children had indeed limited overall success. 4 --6 Could this be explained by the need for a targeted (therapeutic) interventional approach at overweight school age children in whom remission from overweight is poor?
To test the hypothesis that there is a difference in the balance between incidence and remission from overweight between preschool and primary school age children, we analyzed a set of German cohort data. Differences in the balance of incidence and remission of overweight in pre-school and primary school age children might explain the dramatic increase of overweight after school entry and hint to the need of an age-specific approach against childhood overweight.
MATERIALS AND METHODS Data
School entry health (SEH) examinations allow for a population-based access to large samples of children in pre-school age. In Germany, the SEH is usually performed up to 1 year before children begin to attend primary school.
We had data available from records of n ¼ 7026 children participating in the SEH in Bavaria, Southern Germany, in 2001/02. Children's age ranged from 54 to 88 months, with 99% of the subjects in the age of 60 --83 months. Together with the invitation to the compulsory SEH, parental questionnaires had been distributed containing questions on sociodemographic variables and early childhood, as well as on maternal weight and height. Specifically, parents were asked to copy their offspring's weight measurements at 2 years from their well baby checkup booklets where the findings of regular free of charge health examinations including anthropometrics are recorded. The response rate was 80.4%. No follow-up was performed in this study, which has been described in more detail elsewhere. 7 The setting of the SEH was used in the city of Kiel, Northern Germany, to recruit children for the KOPS study between 1996 and 2001. Contrary to SEH study from Bavaria, the invitation to participate in KOPS was not linked to the investigation in the compulsory SEH. Children and parents were directly contacted at the SEH. Due to limited personnel power of the KOPS team, only a part of SEHs could be accompanied and thus used for study recruitment (54.6% of the 12 254 children who participated in the SEH in Kiel between 1996 and 2001 were contacted). Accompanied SEHs were chosen randomly in different districts in Kiel without preferential selection of schools. Of those who were contacted, 74.7% agreed to participate in the study resulting in the collection of data on n ¼ 4997 children. Age range was between 52 and 93 months, with 99% of the subjects in the age of 63 --88 months. This population was shown to be representative for all children in Kiel entering the SEH in these years. 8 Information on weight and height at 2 years was abstracted from the well baby checkup booklets during the SEH. In addition, mothers self-reported their own height and weight and filled out a questionnaire about sociodemographic variables. A school-based intervention program against the development of obesity was performed in first graders of two to four 'intervention schools' per year (1996 --2001) , within the schools being randomly assigned to the intervention and non-intervention groups. Four years after the respective SEHs (that is, between 2000 and 2005), 4487 children were examined during a second compulsory school health examination, which took place in the fourth grade (usually at the age of 10 years). Due to privacy policy KOPS was not allowed to directly follow-up (that is, by name) the children who had been measured at the foregoing SEH. Therefore, the recruitment procedure in the fourth grade was similar to that at the SEH, and 36.6% (n ¼ 4487) of all fourth graders could be involved in the study. Unfortunately, we were not able to distinguish non-participation due to refusal because we did not meet the students (we did not accompany all school health examinations; see above). With the help of the pseudonymized study code, we could identify a total of n ¼ 1764 children (35% of the children measured at SEH) who were enrolled in KOPS at school entry as well as in their fourth grade. For the analyses, we used only the data of children attending the non-intervention schools (n ¼ 1419). More details on KOPS have been described elsewhere. 9, 10 Recruitment for the GME (Gesundheits-Monitoring-Einheiten, health monitoring units) survey 2005/06 was also realized within the SEH in a total of six regions (including cities and rural districts) in Bavaria. In one city (Ingolstadt) and one rural district (Gü nzburg), a second survey was performed in 2009/10 when the children were in their fourth grade. Parents were asked for their consent to retrospectively link these data with the data of the first survey at school entry. In these two study regions, the first survey 2005/06 yielded data of n ¼ 2409 children at school entry, including sociodemographic characteristics, and maternal weight and height (response rate: 85%). Age range was between 57 and 90 months, with 99% of the subjects in the age of 60 --83 months. Details on the study at this stage have been published elsewhere.
11 Follow-up from SEH to fourth grade was realized in n ¼ 1252 cases (52.0%). Again, height and weight were measured at this time point. No measurements for the age of 2 years were available in the GME data.
Statistical analyses
For the ages of 2 years, school entry and fourth grade, children's body mass index (BMI) was calculated based on their weight and height measurements. Overweight (including obesity) and obesity were defined based on sex-and age-specific reference values of the International Obesity Task Force. 12 Likewise, we calculated maternal BMI and defined a BMI above 25 kg m À2 as maternal overweight. Low parental education was defined as less than 10 years of school education of both parents in all three studies.
We restricted the datasets to those observations providing full information on BMI measurements at 2 years, school entry and fourth grade (KOPS, cases with full information: n ¼ 1194), BMI at 2 years and school entry (SEH 2001/02, n ¼ 5045), or BMI at school entry and fourth grade (GME, n ¼ 1235).
We calculated rates of prevalence of overweight and obesity at 2 years, school entry and fourth grade, both sample-specific and in total. On the basis of these values, we assessed rates of incidence, remission and persistence of overweight and obesity between 2 years and school entry (based on data from KOPS and SEH 2001/02) and between school entry and fourth grade (based on data from KOPS and GME). Persistence of overweight and obesity was defined as 100% minus the respective remission rate. We further calculated 95% binomial confidence intervals (CIs) for all overall estimates of prevalence, incidence, remission and persistence. Additionally, we assessed differences in incidence and remission of overweight and obesity between subgroups defined by sex, parental education and maternal overweight, using Fisher's exact test. In order to assess the interrelation between incidence and baseline BMI percentile, we also compared rates of incidence of overweight and obesity between 2 years and school entry as well as between school entry and fourth grade in children lying in the lower vs upper half of the samplespecific BMI distribution at the age of 2 years and school entry, respectively. All calculations were carried out with the statistical software R 2.9.0 (http://cran.r-project.org).
RESULTS
The proportion of parents with a low educational status was between 23.7 and 30.5% in the individual studies ( Table 1) . The studies were also comparable with respect to proportions of male children as well as with respect to age at school entry and in fourth grade.
In the studies with information about weight status at 2 years (KOPS and SEH 2001/02), the prevalence of overweight (including obesity) increased only slightly until school entry by 2.1% (1.0, 3.1) (combined cohorts), although the incidence for overweight in this age period was 8.2% (7.5, 8.9 ). This small increase in prevalence could be explained by the high remission rates of 62.6% (58.4, 66.7) in this age period: while 466 of the 5701 not overweight children at the age of 2 became overweight until school entry age, 337 of the 538 overweight children at the age of 2 were no longer overweight at school entry. Remission therefore counterbalanced a substantial part of the incidence of overweight between the age of 2 and school entry ( Table 2) . With respect to obesity, similar results were observed, with an even higher remission rate (73.5% (62.7, 82.6)).
In contrast, the prevalence of overweight increased considerably between school entry and the age of 10 by 10.2% (8.0, 13.1) (combined cohorts). This considerable increase in prevalence was based on a 14.6% (13.1, 16.1) incidence for overweight in this age period, which was not balanced by the remission rate of only 17.7% (13.8, 22. 3): while 306 of the 2102 not overweight children at school entry became overweight by the age of 10, only 58 of the 327 overweight children overweight at school entry were no longer overweight at the age of 10 (Table 3) .
Consequently, the contribution of persistence of overweight to the overall prevalence of overweight was significantly higher in primary school age (269/575 ¼ 46.8% (42.6, 51.0)) than in pre-school age (201/667 ¼ 30.1% (26.7, 33.8)). This was even more pronounced for persistence of obesity (48/112 ¼ 42.9% (33.5, 52.6) compared with 22/181 ¼ 12.2% (7.8, 17.8)).
Rates of incidence of overweight (including obesity) were similar in male and female children, but significantly (Po0.05) increased in children of parents with low education and in children of overweight mothers (Table 4) . Rates of remission were lower in the latter two groups (only borderline significant). Analyses for incidence and remission of obesity yielded equivalent results (data not shown).
The incidence rates of overweight and obesity were significantly higher in children starting in the upper half of the BMI distribution compared with those in the lower half of the BMI distribution in both periods examined (Table 5 ). In the latter, the rates of incidence of overweight and obesity were below 5% and 1%, respectively. The incidence for overweight in children in the upper half of the BMI distribution at school entry (28.7% (25.8, 31.9)) was considerably higher than in children in the upper half of the BMI distribution at the age of 2 (13.0% (11.7, 14.3) ).
DISCUSSION
The presented cohort data confirm a considerably higher prevalence of overweight and obesity in 10-year-old compared Abbreviations: GME, Gesundheits-Monitoring-Einheiten; KOPS, Kiel Obesity Prevention Study. Incidence and remission of overweight in children R von Kries et al with pre-school children in Germany. The low prevalence of overweight and obesity in pre-school children reflected an almost balanced emergence (incidence) and remission of overweight and obesity in the age range from 2 years to school entry. The considerable increase in the prevalence of overweight/obesity during primary school age in our data could only partially be explained by higher rates of incidence. Considerably, lower remission rates during primary school age, which were consistently observed in two cohorts recruited in different regions in Germany, were at least equally important. Low remission rates and high incidence rates were most pronounced in children of parents with low education and of overweight mothers, whereas no sexspecific effects were observed. There are only very few studies addressing age-specific incidence and remission of overweight/obesity in childhood. Nader et al. 13 analysed the probabilities of overweight at the age of 12 as function of BMIs at an earlier age. While less than half of the children with a BMI above the 85th percentile at the age of 2 years were overweight at the age of 12 years, this probability increased to almost 80% by the age of 7. These observations match our findings of a considerably higher persistence of overweight in school age children compared with toddlers. Kim et al.
14 analysed age-specific incidence and remission rates for a 1 year observation period school age children. As in our data the remission rates were low.
Our analyses go beyond these studies by addressing the agespecific balance of incidence and remission of overweight in preschool and school age children, demonstrating that increased persistence of overweight in school age children may explain the substantial increase in the prevalence of overweight/obesity in primary school children. Similar patterns with a higher prevalence of overweight/obesity in children at primary school age were observed in cross-sectional studies in Norway 15 and Finland 16 and less so in Ireland. 17 Cross-sectional data from Japan 18 and Hungary 19 on primary school children showed increasing rates of overweight in pre-pubertal years.
These findings have important implications for the concepts on emergence of childhood obesity and intervention strategies against childhood obesity. The main argument for interventions against obesity in pre-school children is based on lifetime courses of BMI or other markers of childhood obesity in overweight or obese children and adolescents. These analyses were based on comparisons of the time course of age-specific mean BMI in overweight or non-overweight adolescents. 20, 21 In children who were overweight later in life higher average BMI values started to emerge in pre-school years, reflecting fairly good BMI tracking over the life cycle. 22 However, not all overweight toddlers will be overweight by the age of 10, and many of those overweight by the age of 10 have not been overweight at an early age. Our approach, applying age-specific incidence and remission (persistence) rates, allows analyzing the mechanisms for increasing prevalence of overweight in primary school age children. While incidence and remission of overweight appeared to be almost balanced in pre-school years, this balance appeared to become shifted in primary school years due to increasing incidence and lower remission rates.
A further interesting finding pertains to the interrelation of the BMI distribution---upper versus lower half---at the age of 2 or at school entry and the incidence of overweight and obesity in subsequent years. While only few children with a BMI in the lower half of the distribution became overweight in the subsequent 4-year time period, the respective incidence was considerable for those in the upper half: about one out of seven of the 2-year-olds and almost one out of four of the respective children at school entry became overweight in the subsequent 4-year time period. Therefore, also children with a BMI between the 50th and 90th percentile at school entry might need to be targeted in intervention programmes. Table 4 . Total overall rates (pooled data from KOPS and GME) of incidence and remission of overweight (including obesity) during primary school age in subgroups defined by sex, parental socio economic status and maternal overweight (if information available) with 95% confidence intervals in square brackets Incidence and remission of overweight in children R von Kries et al
Strengths and limitations
It is unlikely that our results were prone to selection bias, as both the KOPS 8 and the GME data were based on representative samples, and more than 80% of the target populations had been captured for the Bavarian SEHs of 2001/02.
Low follow-up from school entry to fourth grade, however, might introduce selection bias. The reason for this lower follow-up was partly related to the data collection strategy. Children were not individually tracked. There were losses to follow-up due to families moving out of the region, non-attendance on the particular day of the measurement or due to some schools withdrawing their permission for measurement in the fourth term (in the KOPS study). While these causes of loss to follow up are not likely to account for bias, non-compliance of individual children might be related to the main outcome incidence and remission of overweight and therefore account for bias.
In order to assess potential bias by loss to follow-up, we compared sociodemographic characteristics of children with and without successful follow-up. In the KOPS study, the children who were not followed up had more often parents with a low educational status compared with those who were followed up (40.4% compared with 24.4%, Fisher's exact test: Po0.01). In the GME study, low educational status was also more often recorded in parents of children not followed up (28.7% compared with 23.7%, Po0.01). However, rates of incidence were higher and rates of remission were lower in children of parents with low educational status. Therefore, bias due to lower compliance in children of parents with low educational status is toward unity, suggesting that our data would rather underestimate than overestimate the incidence and persistence of overweight in primary school age children.
It would be ideal to run these analyses on a 'complete' cohort followed up from infancy to the end of primary school age. The KOPS cohort has the advantage of having identical children assessed both in the first (pre-school) and in the second (primary school) 4-year periods. The drawback of this cohort is that followup during primary school age was low. The SEH data provide confirmation of the pre-school KOPS findings in a different sample capturing 80.4% of the pre-school target population. The GME data confirm the KOPS findings from Northern Germany in clearly distinct urban and rural regions in Southern Germany. Therefore and because of the consistency of the remission rates in different cohorts, the observed patterns of differences in remission of overweight in pre-school and primary school children are likely to be internally valid.
External validity might be an issue, as these data have been generated in one country only. Although there are limited data on the increase in the prevalence of overweight during primary school years, most available data from other countries suggest a similar increase in the prevalence during primary school years. 15 --19 This is plausible, since a switch to sedentary life style marks school entry everywhere. Therefore, our data are likely to be externally valid.
CONCLUSIONS
Primary school age is critical for the development of overweight and obesity in childhood. The increase in prevalence during this age period does not appear to reflect solely a higher age-specific incidence but at least equally a higher persistence of overweight/ obesity. Preventions targeting the occurrence of overweight/ obesity in normal weight children may need to be supplemented by interventions targeted at children already overweight in primary school age.
